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Studies on blood coagulation factor V
l l Preparation and properties of an artificial factor V
reagent by adsorption with Ba-stearate "'
M.J.P.  KAHN n  and H.C.  HEMKER
Laboratory for  Coagulat ion Biochemistry and Cardiovascular  Biochemical  Research.  Cl in ic for  Internal  Medic ine.  Univers i ty
Hospi ta l ,  LEIDEI\ .
To estimate factor V, three types of reagent can be
used:  o ld  oxa la ted  p lasma (Qu ick  1943,  p lasma incubated
with Russell 's viper venom (R.V.V.) (Borchgrevink 1960.|
o r  congen i ta l l y  de f  i c ien t  p lasma.  O ld  p lasma exh ib i ts
variable propert ies, which made i t  an inconvenient reagent
in our hands. R.V.V.-treated plasma is satisfactory for
routine purposes, but for a study of the kinetics of factor V
action i t  is less satisfactory because a procoagulant al ien
to normal plasma is added. Congenital ly deficient plasma
is the most desirable reagent, but i t  is extremely scarce.
We therefore decided to exploit  the property of factor V
to be adsorbed by Ba-stearate (Vroman 1958) for the
preparation of factor V reagent. The dif ferences in the
adsorption-characterist ics of factor V and the other fac-
tors, however, are not suff iciently large, even under the
most f  avourable circumstances for mere adsorption to
yield a useful factor V reagent (Kahn 1969), because
complete removal of factor V is only brought about by
concentrat ions of Ba-stearate that induce considerable
losses of the coagulat ion factors Xl l ,  X, Vl l  and I '
MATERIALS AND METHODS
Preparation of start ing materials and determination of
coagulat ion factors was carr ied out as indicated in the
next section. Fibrinogen was estimated according to
Clauss (Clauss 1957). Thromboplastin t ime is measured
in a mixture of 0.1 ml plasma sample, 0.1 ml human brain
thromboplastin, and 0.1 ml 33 mM CaCl,,  at 37 "C. The
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(1) Premier texte a paraitre in Thromb. Diath. Haemorrh'
factor V reagent according to Borchgrevink is prepared as
indicated in ref.  1. I t  is used in a reaction mixture con-
sist ing of 0.1 ml sample (di luted so as to contain between
1 and 10 Vo factor V), 0.1 ml reagent, 0.1 ml human brain
th rombop las t in ,  and 0 .1  ml  CaCl ,  25  mM.
This reaction mixture was also used when the factor V
reagent described in this art icle was employed. Al l  clot-
t ing t ime estimations were done in fourfold. Glott ing
factor concentrat ions were read from a reference curve
obtained by determining the coagulat ion t imes of a di lu'
t ion  ser ies  o f  normal  p lasma (concent ra t ions :  10o/s ,5o /o ,
3.3 oA, 2.5 %, 2 %, 1.7 o/o, 1.4 0h, 1.2 o/o, 1 o/o). The human
brain thromboplastin was prepared according to Owren
and Aas (1951). The normal plasma pool was obtained
from 30 healthy normals, mean age 32 yrs [18-43] bnd
stored at - 70'C.
The congenital ly factor V-deficient plasma was a kind
gift  of the plasma of Owren's original patient by Prof.,Dr
H. Stormorken. i
PREPARATION OF THE REAGENT
Human citrated plasma is mixed with 50 mg/ml Ba'
Stearate (K & K Laboratories, Plainview, New York) in a
50 ml glass Potter-Elvehjem homogenizer with an electr i-
cal ly driven tef lon pestle. The mixture is left  at 37"C
for one to two hours. In one session 500 to 1 000 ml
plasma can be processed. The mixture is centr i fuged at
25,000 g for 20 min. at 4 "G. A f loating sediment is
removed by suction. The supernatant is decanted. l t  is
not entirely clear, but becomes clear after f i l t rat ion (f i l ter
paper no 6061, Macherey Nagel & Co., Di. irer, Germany).
The plasma has a pH of 8.1 + 0.1 ; i t  is brought to pH 5.4
with 1N HCl. The acidif ied plasma is incubated at 37'C.
Article regu le 24 septembre 1969 ; accept6 le 10 d6cembre 1969'
Les tir6s A part peuvent 6tre demand6s au r' Dr H.C. HEMKER, Academisch Ziekenhuis Algemene Interne Geneeskunde, LEIDEN (PAYS-BAS).
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Table I
CONCENTBATION OF CLOTTING FACTORS DURING PHEPARATION OF THE FACTOR V REAGENT
Concentrat ion of  coagul .  factor
Stage of preparation
vil/x
pH
il
Start ing plasma .
After adsorption with Ba-
Stearate
After  acid i f icat ion :
0 min.  incubat ion
10 min.  incubat ion
30 min.  incubat ion
60 min.  incubat ion
70 min.  incubat ion
After 6 months storage at
7.8 100 100
8 .1
5.4
E A
E A
5.4
7.4
92
92
80
80
100
't00
100
100
100
92
91
1 5
5.0
4 .0
1 . 0
U . J
0.1
0.2
60
60
57
q A
51
50
70
70
70
70
80
The va lues  represent  percentages  o f  the  s ta r t ing  mater ia l -  A l l  es t imat ions  were  done a f te r  ad jus tment  o f  the
pH to  7 .4 .
Cor rec t lons  were  car r ied  ou t  fo r  the  d i lu t ion  brought  about  by  ad jus tment  o f  the  pH.
Every 10 min. a sample is drawn and adjusted to pH 7.4
with N.NaOH, after which a thromboplastin t ime deter-
mination is carr ied out. After about 60 min. this t ime
has become longer than 70 seconds. The factor V content
estimated according to Borchgrevink wil l  then appear to
be less than one percent. When a sample is drawn that
shows a thromboplastin t ime of more than 70 seconds,
the whole batch is brought to pH 7.4. The reagent is
stored in 1 or 2 ml port ions in plast ic tubes at - 20'
centigrade (the reagent is stable for at least 6 months).
Table I gives the determinations of individual coagu-
lat ion factors at the various stages of the preparation.
PROPERTIES OF THE REAGENT
The mean values of the concentrat ions of the coagula-
t ion factors in 6 dif ferent batches of the reagent were:
Fac tor  I  :215 mg/ml ;  fac to r  l l :  620 /o ;  fac to r  Y :  0 .25o/o ;
f a c t o r  V l l :  5 9 0 / s ;  f a c t o r  V I I I :  3 0 o k :  l a c t o r  l X :  3 6 / 6 ;
fac to r  X  :  60o/s ;  fac to r  X l  :  20o/s ;  fac to r  X l l  :  95  /o ;  an t i -
thrombin l l l  :  56 0/6. Table l l  shows that the defect in the
reagent is restored by normal plasma and by various
adsorbed plasmas, but not by old oxalated plasma or con-
genital ly factor V deficient plasma. The table also shows
that the reagent reacts qual i tat ively l ike Borchgrevink's
reagent in this respect. This lends suff icient support to
the opinion that i t  is factor V'that is specif ical ly lacking in
the reagent.
To be useful,  a reagent must not be inf luenced by chan-
ges in the concentrat ions of coagulat ion factors for which
it  is not supposed to be specif ic. Fig. 1 shows that when
tested in individual plasmas there is no correlat ion bet-
Table ll
CORRECTION OF COAGULATION TIME OF THE REAGENT BY
VABIOUS PLASMAS
Coagulat ion t ime obtained wi th
Plasma added Ba-Stearate
adsorbed plasma
Borchgrevinks
reagent
Normal citrated plasma .
BaSOa
Ca3(PO4)2 adsorbed plas
m a  . . . .
Al  (OH) s adsorbed plasma
OId  oxa la ted  p l asma  . . . .
Factor V deficient plasma
Michael is  buf fer  (pH 7.4J
25
24
1 7
17 ,5
1 8
1 8
39
42
62
24,5
29
48
53
70
Coagu la t ion  t imes in  seconds.  Means o f  6  es t imat ions  w i th  two
d i f fe ren t  ba tches  o f  reagent .
React ion  mix tu re  :  0 .1  reage in t ,  0 .1  ml  p lasma or  bu f fe r ,  0  
' l  m l  human
bra in  th rombop las t in ,  0 .1  ml  CaCl  25  mM.
ween factor V concentrat ion as measured with our reagent
and factor I  concentrat ion. Fig. 2 shows that the appa-
rent factor V concentrat ion is not inf luenced by extreme
variat ions in the concentrat ion of factors l l ,  VII,  lX and X.
was brought about by mixing normal plasma with an equal
volume of varying mixtures of Michaelis buffer and a
preparation (P.P.S.B.) containing 800 % factor Vl l /X,
630 o/ factor l l ,  and 680 % factor lX. The f inal concen-
trat ion in the sample of the factors Vl l  and X (estimated
in combination) is rendered on the X axis. Variat ions
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Fig, l. - Correlation between fibrinogen content and factor V
concentration as estimated with Ba-Stearate adsorbed plasma.
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Fig. 3. - The reference curve of the factor V estimation'
A. Normal Pooled Plasma.
B. Plasma with 50 o/o factor V.
C. Plasma with ,|40 % factor V.
On the X axis the concentration of the sample is plotted as a
percentage of the starting material, therefore only in line A the
pdrcentages indicated coincide with real percentages of factor V.
Each point is the mean of 10 determinations.
Fig. 2, - Correlation between the concentration of factors ll'
Vl'i, lX and X (rendered on the abscissa) and the factor V
concentration as measured with Ba-Stearate adsorbed plasma(determinations in triPlo).
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Fig. 4, - Gorrelation between two methods of factor V esti-
mation. Each point refers to a plasma from a different patient.
Each estimation was carried out in quadruplo.
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Table lll
INFLUENCE OF THE AMOUNT OF FAGTOFS VII I  AND XII  ON
THE ESTIIVATION OF FACTOR V
I Concentration of factor
PIasma
vc V I I I
M.J.P.  KAHN and H.C. HEMKER
FISCHER R.A. -  The design of  exper iments.  Ol iver  and
B o y d , 1 9 3 5 , 1 s t  e d . .
KAHN M.J.P. ,  HEMKER H.C. -  Studies on the blood coa-
gulation factor V. | : The interaction of salts of fatty
acids and coagulat ion factors.  Thromb. Diath.
Haemorrh. ,  1970 ( in press).
OWBEN P.A.,  AAS K. -  The contro l  of  d icumarol  therapy
and the quant i tat ive determinat ion of  prothrombin and
proconvert in.  Scand. J.  Gl in.  Lab.  lnvest . ,  1951, 3,  201.
OUICK A.J"  -  On the const i tut ion of  prothrombin.  Amer.
J.  Physio l . ,  1943, 140,  212.
VROMAN L.  -  Surface contact  and thromboplast in for-
mat ion.  Ph.  D.  Thesis.  Utrecht .  1958.
SUMMARY
A method is described to prepare an art i f ic ial reagent
specif ic for factor V that is easi ly reproducible and con-
tains no procoagulants other than human clott ing factors.
RESUME
Une m6thode est d6cri te pour pr6parer un r6acti f  art i-
f iciel sp6cif ique du Facteur V qui soit  faci lement repro-
ductible et ne contienne aucun autre procoagulant que
les facteurs de coagulat ion humains.
ZUSAM.MENFASSUNG
Es wird eine Methode zur Herstel lung eines kt inst l ichen
Reagenz beschrieben, das spezif isch fr ir  den Faktor V und
leicht herstel lbar ist,  ferner keine anderen Prokoagulan-
t ien  en thd l t  a ls  mensch l iche  Ger innungsfak toren .
RESUMEN
Se describe un mdtodo para preparar un reactivo art i-
f icial especif ico del Factor V que sea fdci lmente repro-
ductible y no contenga otros factores procoagulantes
dist intos de los de coagulaci6n humanos.
rrtr{ccreaosas[e @axropa r ]coaryngqr,rr4 kponurl
? e g r c u e  O n r . r c l r e a e r c s M e r o . q n p r { t o ? o B r e H I l g  n c t l c -
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T .  e .  nerKo BocI Ipor43  BoAr4MOtO r4  He COAepxaqero
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xil
100
92
1
a7
94
O I
22
47
t3 l
t4 l
t6 l
17loe
87
98
96
87
93
90
1 0 1
94
86
Vc :  ca lcu la ted  concent ra t ion  o f  fac to r  V .
Vo :  obserued concent ra t ion  o f  fac to r  V .
Means o f  ten  es t imat ions .
between 1 and 100 o/o of factor VIII  and factor XII in the
sample also fai led to inf luence the factor V content est i-
mated by  th is  method ( tab le  l l l ) .
Fig. 3 shows that when normal plasma is tested in
dif ferent di lut ions the plot of the logarithm of the di lut ion
against the logarithm of the clott ing t ime is a straight l ine
in the range of concentrat ions between 1 and 10 0/o. The
same f igure indicates that when plasmas with factor V
start ing concentrat ions of 140 o/o and 50 0/o are used, the
correlat ion l ines between log. clott ing t ime and log. di lu-
t ion are again straight in the range between 1 and 10 o/o.
Moreover, the three l ines are paral lel,  which indicates
(F ischer  1935)  tha t  c lo t t ing  t ime is  in f luenced on ly  by  the
variat ion in concentrat ion of factor V. The double loga,
r i thmic plot can therefore safely and conveniently be
used as a reference curve in the range between 1 and
10%.
In conclusion, i t  can be said that adsorption by Ba-
Stearate is a simple'and convenient method to prepare an
art i f ic ial factor V reagent containing no procoagulant al ien
to normal plasma ; and one that is more reproducible than
old oxalated plasma is.
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